Posterior capsule opacification (PCO) results from the proliferation, migration, and epithelialmesenchymal transition (EMT) of residual lens epithelial cells (LECs) and fibers in the capsular bag. Previous reports have demonstrated that transforming growth factor β2 (TGF-β2) affects the cellular processes via modulation of EMT in LECs. However, the mechanisms that underlie the TGF-β2-induced EMT in LECs are still largely unknown. In this study, we confirmed that TGF-β2 induces EMT in SRA01/04 cells via the up-regulation of the long non-coding RNA (lncRNA) HOTAIR. To study the effects of HOTAIR on the proliferation, migration and EMT of SRA01/04 cells as well as the underlying mechanism, we used small interfering RNA (siRNA) to specifically attenuate HOTAIR expression in SRA01/04 cells. CCK8 cell-counting kit was used to examine SRA01/04 cell viability; EdU cell proliferation kit was used to examine SRA01/04 cell proliferation; Transwell system and scratch assays were used to observe cell migration; and qPCR and western blot analysis were used to evaluate EMT progression. We found that inhibition of HOTAIR expression repressed SRA01/04 cell viability, proliferation, migration and prevented the TGF-β2-induced changes in cellular processes via modulation of EMT. Ultimately, we found that HOTAIR affected the TGF-β/ Smad signaling pathway. In summary, we elucidated that HOTAIR affected the cell viability, proliferation, and migration in the TGF-β2-induced EMT in SRA01/04 cells and suggested that modulation of HOTAIR may be helpful in PCO prevention and therapy.
Introduction
Posterior capsule opacification (PCO) is the main cause of secondary vision impairment and loss in patients with extra-capsular cataracts or following phacoemulsification extraction surgery [1] . Due to advancements in implantation materials and medical technology, the incidence of PCO has decreased in the past few years [2] . Previous studies have reported that PCO is mainly caused by the proliferation, migration, and epithelial-mesenchymal transition (EMT) of lens epithelial cells (LECs) [3, 4] . However, the pathogenic mechanism behind PCO is still largely unknown.
EMT is an important biological process that is evolutionarily conserved. This is a complex molecular and cellular program in which an epithelial cell changes its phenotype to that of a (myo) fibroblast. During this transition, cells lose their differentiated epithelial properties such as strong cell-cell adhesion and planar and apical-basal polarities and gain mesenchymal properties, including cell mobility, invasiveness, and stem cell properties [5] . Several reports have investigated the function of EMT in LECs [6, 7] .
It is known that various cellular processes and signaling molecules including transforming growth factor β (TGF-β), fibroblast growth factor and Notch can induce EMT. As a multifunctional growth factor, TGF-β exerts a significant impact on cell viability, proliferation, differentiation, migration, invasion, inflammation, and wound healing [8] . Previous studies have demonstrated that TGF-β2, a member of the TGF-β family, can activate EMT and affect LEC viability, proliferation, and migration [9] .
Long non-coding RNAs (lncRNAs) are non-coding transcripts with length of greater than 200 nucleotides. There are five classical biotypes of lncRNA including sense, antisense, bidirectional, intronic, and intergenic [10] . Although lncRNAs were originally considered to be 'transcriptional noise,' they are now known to affect gene expression and cell proliferation, migration, development, invasion, apoptosis, angiogenesis, and differentiation [11, 12] . Several reports have documented that lncRNAs are relevant in the diagnosis, treatment, and progression of various diseases. For example, aberrantly expressed lncRNAs have been associated with cancers, cardiovascular diseases and neurological diseases [13, 14] . Moreover, several lncRNAs play key roles in eye development and diseases [15] . Shen et al. [16] found that the lncRNA MIAT could modulate Akt expression by sponging miR-150-5p expression to regulate the viability, proliferation, apoptosis, and migration of LECs.
LncRNAs have been associated with EMT. HOX transcript antisense RNA (HOTAIR), a typical lncRNA, is transcribed from the defined human HOXC locus on chromosome 12q13.13 [17] . Several studies have demonstrated that HOTAIR promotes target gene expression and plays roles in cell viability, proliferation, invasion, and metastasis by combining with polycomb repressive complex 2 (PRC2) and promoting histone H3K27 methylation of the gene promoter [18] . HOTAIR has been shown to be associated with increased cell viability, proliferation, migration, and invasiveness and an adverse prognosis in various types of cancer cells by inhibiting expression of tumor suppressor genes [19] . Furthermore, HOTAIR has been found to participate in EMT via modulation of various genes, such as E-cadherin, Laminin, snail family zinc finger 1 (SNAI1), LAMB3, β-catenin, LAMC2, JAM2, and ABL [17, 20, 21] . Battistelli et al. [22] demonstrated that HOTAIR acts as an intermediary between Snail and enhancer of zeste homolog 2 (EZH2) and that the down-regulation of Snail depends on the function of Snail/ HOTAIR/EZH2 complex. These observations have demonstrated that HOTAIR plays a key role in the Snail-mediated EMT. Another study reported that repression of HOTAIR expression could upregulate E-cadherin and down-regulate vimentin, which suggested the involvement of HOTAIR in EMT [23] . However, the role of HOTAIR in PCO formation due to TGF-β2-induced EMT in LECs has not been elucidated.
In this study, we first confirmed the role of TGF-β2 in EMT in a human lens epithelial cell line. We demonstrated that TGF-β2 could induce EMT in SRA01/04 cells. Then, we determined that TGF-β2 induced the expression of HOTAIR in SRA01/04 cells that were treated with TGF-β2. Furthermore, we discovered that knockdown of HOTAIR repressed cell viability, proliferation, and migration, and confirmed that HOTAIR participates in the TGF-β2-mediated regulation of cell function. Ultimately, we showed that HOTAIR is involved in the TGF-β/Smad signaling pathway in TGF-β2-induced EMT in SRA01/04 cells.
Materials and Methods

Cell culture
The human LEC cell line (SRA01/04), which was immortalized by transformation with the SV40 T-antigen, was obtained from Cancer Institute of the Chinese Academy of Medical Sciences (Beijing, China), and was cultured in Dulbecco's modified Eagle's medium (DMEM; Invitrogen, Carlsbad, USA) supplemented with 10% fetal bovine serum (FBS) (Invitrogen), 100 U/ml penicillin, and 100 U/ml streptomycin. The cells were grown in a humidified 37°C incubator with 5% CO 2 . Phosphate-buffered solution (PBS) was used to dissolve TGF-β2 (Sigma-Aldrich, St Louis, USA).
Isolation of total RNA and qRT-PCR
SRA01/04 cells that had been subject to the various treatments were washed three times with PBS. The total RNA was extracted using TRIzol (Invitrogen). A cDNA synthesis kit, which was purchased from TaKaRa (Dalian, China), was used for reverse transcription following the manufacturer's protocol. qRT-PCR was performed using an ABI PRISM 7500 Fast Real-Time PCR System (Applied Biosystems, Foster city, USA) and a SYBR Green array (Donghuan Biotech, Shanghai, China). β-Actin expression was employed as a control, and the normalized relative gene expression levels are shown as arbitrary units. The primers were designed by Sangon Biotech (Shanghai, China) and listed in Table 1 .
CCK8 assay
For the various treatments, the SRA01/04 cells were seeded in 96-well plates, and Cell Counting Kit-8 (Donghuan Biotech) was used to examine the cell viability following the manufacturer's protocol. CCK8 was added to the plate, and the optical density at 450 nm was measured with a multi-function microplate reader (BioTek, Vermont, USA) after 4 h of incubation. The cell viability was then calculated and arbitrary units are used to display the normalized relative differences among different groups.
EdU assay
Briefly, SRA01/04 cells were seeded in 24-well plates. After different treatments, an EdU assay kit (Ribobio, Guangzhou, China) was used to determine the proliferation of cells according to the manufacturer's instructions. The results of the assay were visualized using an Olympus CKX53 microscope (Olympus, Tokyo, Japan).
RNA interference and cell transfection
The HOTAIR siRNA sequences were designed and synthesized by GenePharma (Shanghai, China). The siHOTAIR sequences were as follows: siHOTAIR-1 sense 5′-GCCUCAUCGAGAAGAAUAUTT-3′ and antisense 5′-AUAUUCUUCUCGAUGAGGCTT-3′; siHOTAIR-2 sense 5′-GGGACUGUGUCUCUGUUAUTT-3′ and antisense 5′-AUAACAG AGA-CACAGUCCCTT-3′; siHOTAIR-3 sense 5′-GGGACUGUG UCUCUGUUAUTT-3′ and antisense 5′-AUAACAGAGA-CACAGU CCCTT-3′; and siNC sense 5′-CGUUCCACTCATUUCCACAGT-3′ and antisense 5′-GCCCGAUACUGTCAUUGCCCT-3′. The cells were transfected with siHOTAIR or scrambled siRNA using the Lipofectamine 2000 transfection reagent (Invitrogen) according to the manufacturer's instructions. A volume of 2 ml of DMEM containing 45,000 cells was added to each well of the 6-well plates; siHOTAIR or scrambled siRNA was transfected into the cells using the recommended quantity of the transfection reagent. The cells were then cultured for 24 h.
Western blot analysis
The cells that had been subject to the various treatments for the indicated time periods were used for the western blot analysis as described previously [24] . Briefly, the cells were lysed with RIPA buffer (1% NP-40, 0.1% SDS, 0.5% deoxycholate, 150 mM NaCl, 10 mM Tris-HCl, pH 8.0, and protease inhibitor), and the samples were then subject to 10% SDS-PAGE and transferred to nitrocellulose membranes. After incubation for 1 h in PBST (PBS containing 0.1% Tween 20) containing 5% milk, the membranes were incubated with the various primary antibodies. The anti-E-cadherin antibody (ab40772), anti-ZO1 antibody (ab59720), anti-Vimentin antibody (ab8978) and anti-α-SMA antibody (ab108424) were purchased from Abcam (Cambridge, UK). GAPDH (DH0261; Donghuan Biotech) expression was detected and used as a control. The immunoreactivity was visualized using an enhanced chemiluminescence (ECL) reagent (DH0101; Donghuan Biotech) and analyzed using Gelpro Analyser Software (Media Cybernetics, Rockville, USA).
Wound healing assay
Wound healing analysis was used to measure the potential for cell migration. Briefly, the cells were subject to the various treatments after being plated in a 12-well plate (2 × 10 5 cells/well). After the cells reached 95% confluence, the surface of the cell layer was scratched using a sterile P200 pipette tip. The wound closure was observed under the microscope at various time points.
Transwell assay
Transwell migration assay was performed using transwell chambers (Corning, New York, USA). Briefly, the cells with or without treatments were seeded in transwell chambers. The cells were then cultured in serum-free DMEM, while the lower chambers were filled with complete DMEM with 10% FBS. After 24 h, the cells in the upper chambers were removed, and the lower sides of the chambers were stained using 0.1% crystal violet and then observed with the microscope.
Immunofluorescence microscopy
Cells were cultured in 24-well plates (1 × 10 5 cells/well). After various treatments, the cells were fixed with 3% paraformaldehyde for 0.5 h, permeabilized with 0.1% Triton X-100 for 15 min and blocked in 1% BSA (Sangon Biotech) for 1 h. The cells were then incubated overnight with anti-Vimentin and anti-α-SMA primary antibody according to the manufacturer's protocols. The next day, after treatments with Alexa Fluor 532 goat anti-rabbit IgG (Abcam) as the secondary antibody and staining with 100 ng/ml DAPI (Sangon Biotech), cells were visualized using the Olympus CKX53 microscope.
Statistical analysis
All data are representative of at least three independent experiments and expressed as the mean ± SE (standard error). Statistical significances were assessed using Student's paired t-test or One-way ANOVA. P values <0.05 were considered statistically significant. P < 0.05 represents a statistically significant difference.
Results
TGF-β2 induces EMT in LECs
Previous studies have shown that TGF-β2 can induce EMT in a variety of cells including LECs [9] . To confirm whether TGF-β2 could induce EMT in LECs, we treated SRA01/04 cells with TGF-β2 (10 ng/ml) and observed the morphological changes in the cells, including scattered, stretched, and flattened shapes (Fig. 1A) . These results indicated that TGF-β2 could induce EMT in LECs. To further confirm the role of TGF-β2 in EMT in LECs, qPCR was applied to examine the expression of epithelial markers E-cadherin and ZO-1, as well as the expression of mesenchymal markers Vimentin and α-SMA. Intriguingly, compared with the control cells, SRA01/04 cells that had been treated with TGF-β2 showed down-regulation of E-cadherin and ZO1, and up-regulation of Vimentin and α-SMA (Fig. 1B) . Meanwhile, the results of the western blot analysis were consistent with those of the qPCR (Fig. 1C) . Thus, on the basis of the changes in cell morphology and marker mRNA and protein expression, we demonstrated that TGF-β2 could induce EMT in SRA01/04 cells.
TGF-β2 induces HOTAIR expression and HOTAIR knockdown inhibits cell viability, proliferation, and migration of SRA01/04 cells
Recent evidence has shown that HOTAIR can behave as a mesenchymal gene. We have shown that TGF-β2 could induce EMT in SRA01/04 cells. Thus, we proposed that HOTAIR might participate in the TGF-β2-induced EMT in LECs. To test this hypothesis, we first employed qPCR assay to examine the expression of HOTAIR in SRA01/04 cells after treatment with TGF-β2. The qPCR results illustrated that the expression levels of HOTAIR were increased with treatment time (within 48 h) in SRA01/04 cells after they were treated with TGF-β2 ( Fig. 2A) . These observations demonstrated that HOTAIR was regulated by TGF-β2 in LECs.
Given that TGF-β2 could modulate HOTAIR expression in SRA01/04 cells, we wondered whether the modulation of HOTAIR expression could affect EMT and whether HOTAIR is involved in TGF-β2-induced EMT in SRA01/04 cells. To explore this issue, we first designed siRNAs to specifically silence HOTAIR in SRA01/04 cells. qPCR assay was then used to confirm the efficiency and the results demonstrated that siHOTAIR-2 and siHOTAIR-3 could effectively repress HOTAIR expression (Fig. 2B) . Ultimately, we choose siHOTAIR-3 to knockdown HOTAIR expression.
Given that HOTAIR was upregulated by TGF-β2, we sought to dissect the role of HOTAIR in SRA01/04 cells. CCK8 analysis showed that knockdown of HOTAIR inhibited the cell viability of SRA01/04 cells (Fig. 2C) . Furthermore, EdU assay analysis demonstrated that suppression of HOTAIR inhibited the cell proliferation of SRA01/04 cells (Fig. 2D) . In addition, transwell assay illustrated that repression of HOTAIR expression inhibited the migration of SRA01/04 cells (Fig. 2D) . These observations suggested that TGF-β2 up-regulates the expression of HOTAIR, and HOTAIR knockdown inhibits cell viability, proliferation, and migration of SRA01/04 cells.
LncRNA HOTAIR knockdown reduces the TGF-β2-induced EMT and EMT-related transcription factor expression
The data shown above indicated that HOTAIR is modulated by TGF-β2 in LECs. To determine whether HOTAIR expression is involved in TGF-β2-induced EMT in SRA01/04 cells, cells in which HOTAIR expression was inhibited by siHOTAIR were treated with TGF-β2. It was found that knockdown of HOTAIR alleviated the morphological changes in the SRA01/04 cells that were treated with TGF-β2 (Fig. 3A) . Furthermore, western blot analysis demonstrated that knockdown of HOTAIR expression restored the TGF-β2-induced decline in E-cadherin and ZO1 expression and the increase in Vimentin and α-SMA expression (Fig. 3B) . Immunofluorescence analysis showed that knockdown of HOTAIR expression restored the TGF-β2-induced increase in Vimentin and α-SMA expression (Fig. 3C) . In conclusion, these data suggested that HOTAIR knockdown could reverse the TGF-β2-induced EMT in LECs.
To determine the role of HOTAIR in TGF-β2-induced EMT in LECs, we investigated its effect on the TGF-β2-induced expression of EMT-related transcription factors. Western blot analysis showed that HOTAIR knockdown could repress the TGF-β2-induced upregulation of Snail, Slug, and ZEB1 (Fig. 4) . These data suggested that HOTAIR may act through Snail to mediate the TGF-β2-induced EMT in SRA01/04 cells. and western blot analysis (C) were used to examine the expression of E-cadherin, ZO1, Vimentin, and α-SMA. GAPDH was measured as a control. At least three replicates were performed in each experiment. **P < 0.01. NC: SRA01/04 cells incubated in the absence of TGF-β2.
HOTAIR knockdown inhibits the TGF-β2-induced cell viability, proliferation, and migration of SRA01/04 cells
The previously described results indicated that HOTAIR plays a role in the TGF-β2-induced EMT in SRA01/04 cells. Given that TGF-β2 could affect SRA01/04 cell function, we sought to study the role of HOTAIR in the TGF-β2-induced cell viability, proliferation as well as migration. The results of CCK8 and EdU assays demonstrated that HOTAIR knockdown suppressed the cell viability and cell growth induced by TGF-β2 (Fig. 5A,B) . The transwell and wound healing assays illustrated that HOTAIR knockdown suppressed the TGF-β2-induced migration of the SRA01/04 cells (Fig. 5C,D) . Taken together, our study suggested that HOTAIR participates in the TGF-β2-mediated cell viability, proliferation, and migration in SRA01/04 cells.
LncRNA HOTAIR participates in TGF-β2-induced EMT through TGF-β/Smad signaling pathway
Increasing evidence has shown that TGF-β2 plays its role in EMT and cell progression by activating the downstream Smad signaling pathway [24] . We wondered whether HOTAIR participates in TGF-β2-induced EMT via the TGF-β/Smad signaling pathway. To confirm the possible effect of the Smad signaling pathway in TGF-β2-induced EMT, we measured the protein levels of the unphosphorylated and phosphorylated forms of Smad2 and Smad3 in SRA01/04 cells after treatment with TGF-β2. Intriguingly, western blot analysis demonstrated that both p-Smad2 and p-Smad3 levels were increased in the SRA01/04 cells that were treated with TGF-β2 compared with those in control cells (Fig. 6A) . To investigate whether HOTAIR participates in TGF-β2-induced EMT via the TGF-β/Smad signaling pathway, we first transfected cells with siHOTAIR and then treated the cells with TGF-β2. Western blot analysis demonstrated that inhibition of HOTAIR expression repressed the TGF-β2-induced elevation of p-Smad2 and p-Smad3 (Fig. 6B) . These results suggested that HOTAIR participated in TGF-β2-induced EMT via the TGF-β/Smad signaling pathway.
Discussion
In this study, we elucidated the role and mechanism of TGF-β2 in a human lens epithelial cell line. The results first confirmed the role of TGF-β2 in EMT and showed that HOTAIR was modulated by TGF-β2 in LECs. Furthermore, repression of HOTAIR expression reduced the viability, proliferation, and migration of SRA01/04 cells. Then, we discovered that HOTAIR plays a role in the modulation of cell processes induced by TGF-β2, as demonstrated by a reduction in the development of EMT and a suppression of SRA01/ 04 cell viability, proliferation and migration following knockdown of HOTAIR. Finally, we demonstrated that the modulation of The viability of the SRA01/04 cells that were transfected with siRNA against HOTAIR or the control siRNAs was examined using the CCK8 assay (C), the cell proliferation was measured using a EdU cell proliferation assay (D) and the cell migration was measured using a cell-migration assay (E) (scale bar: 50 μm). At least three replicates were performed in each experiment. **P < 0.01.
HOTAIR was involved in TGF-β/Smad signaling pathway in SRA01/04 cells.
As a multifactorial physiological consequence of modem cataract surgery, PCO has attracted increasing attention from clinicians and researchers. Previous reports have documented that PCO is the result of the growth and trans-differentiation of LECs after cataract surgery [25] . Several reports have demonstrated that the cells left on the capsular bag undergo a process of EMT that predominantly contributes to PCO [26] . On the basis of these results, understanding the growth and EMT of the LECs will contribute to the prevention and treatment of PCO. In our study, we treated SRA01/04 cells with TGF-β2 to simulate EMT in LECs (Fig. 1) . Thus, we provide a good idea and a reasonable model for PCO research.
Previous reports have demonstrated that TGF-β, one of the most important cellular ligands, plays a significant role in PCO [8] . TGF-β2 can affect the progress of PCO by modulating various cell processes Figure 3 . lncRNA HOTAIR is involved in TGF-β2-induced EMT After transfection of the SRA01/04 cells with siHOTAIR or siNC for 24 h followed by treatment with TGF-β2 for 24 h, the morphological changes in SRA01/04 cells was analyzed (A) (scale bar: 50 μm), and the expression of E-cadherin, ZO1, Vimentin, α-SMA in SRA01/04 cells was measured by western blot analysis (B). GAPDH expression was measured as a control. The expression of Vimentin and α-SMA was measured by immunofluorescence microscopy analysis (C) (scale bar: 50 μm). At least three replicates were performed in each experiment. **P < 0.01.
including cell viability, proliferation, migration, and differentiation. However, these roles have often been controversial among different studies. For instance, some studies have reported that TGF-β can induce apoptosis by inhibiting Bcl-2 expression in lens epithelial cells [27] . Others have found that TGF-β2 can induce cell viability, proliferation, migration, and EMT in LECs [28, 29] . In our study, TGF-β2 was found to promote cell viability, proliferation, and differentiation in SRA01/04 cells and enhance the cell migration (Fig. 4) . These Figure 4 . Repression of HOTAIR expression can reduce the TGF-β2-induced up-regulation of EMT-related transcription factors After transfection of the SRA01/ 04 cells with siHOTAIR or siNC for 24 h followed by treatment with TGF-β2 for 24 h, the expression of ZEB1, Snail and Slug in SRA01/04 cells was measured by western blot analysis. GAPDH expression was measured as a control. At least three replicates were performed in each experiment. **P < 0.01. Figure 5 . Modulation of HOTAIR expression affects the TGF-β2-induced cell viability, proliferation and migration in LECs After transfection of the SRA01/04 cells with siHOTAIR or siNC for 24 h followed by treatment with TGF-β2 for 24 h, the viability of SRA01/04 cells was examined using the CCK8 assay (A), the cell proliferation of SRA01/04 cells was examined using the EdU assay (B) (scale bar: 50 μm), the cell migration of SRA01/04 cells was examined using a wound healing assay (C) and a cell-migration assay (D) (scale bar: 50 μm). At least three replicates were performed in each experiment. *P < 0.05, **P < 0.01.
results confirmed the role of TGF-β2 in the physiological or pathological processes underlying PCO. However, more researches are needed to determine the exact role of TGF-β2 in various cells, including human lens epithelial cells.
TGF-β has been extensively studied in recent years. However, the mechanisms of TGF-β activity are only partly understood. EMT is the process of epithelial cell transformation to a fibroblast phenotype under certain physiological or pathological conditions. EMT affects cell viability, proliferation, differentiation and migration. In our study, the qPCR and western blot analyses demonstrated that TGF-β can induce EMT in the human lens epithelial cell line (Fig. 1) . Previous studies have proved that EMT plays a significant role in the development of PCO [30] . Importantly, these changes in EMT often appear to be restrained, suggesting that the inhibition of EMT in LECs might be a possible way to prevent the progress of PCO.
Increasing evidence has demonstrated that lncRNAs play important roles in the modulation of cellular processes, including cell viability, proliferation, migration, and EMT [31] . Zhou et al. [32] found that the expression of HOTAIR was upregulated in the TGF-β-induced EMT in renal tubular epithelial cells, which is the pathological mechanism of renal interstitial fibrosis. We hypothesized HOTAIR plays a role in the progression of PCO. In this study, we discovered that knockdown of HOTAIR inhibited the TGF-β-induced EMT in SRA01/04 cells (Fig. 3) . To our knowledge, this is the first study to show that HOTAIR promotes EMT, which may play an important role in PCO in SRA01/04 cells. Furthermore, Xu et al. [33] demonstrated that HOTAIR promotes EMT by regulating the expression of Snail2, which is a major transcription factor that regulates EMT. Xia et al. [34] also showed that HOTAIR is involved in EMT by increasing the JMJD3-mediated snail upregulation in a renal cell carcinoma. In addition, Liu et al. [35] found that HOTAIR promotes EMT by down-regulating mir34a which targets the HGF/Met/snail pathway. Consistent with previous studies, our results showed that the expression of snail was upregulated in TGF-β-treated LECS. Furthermore, we found that HOTAIR knockdown can attenuate the TGF-β-induced up-regulation of snail, which suggested that HOTAIR might promote EMT via the regulation of snail expression in LECs. Further study is needed to explore the specific mechanisms of HOTAIR up-regulation of snail during EMT in SRA01/04 cells.
In addition, the TGF-β/Smad signaling pathway has been widely regarded as an important contributor to PCO through triggering the Figure 6 . LncRNA HOTAIR is involved in the TGF-β/Smad signaling in TGF-β2-induced EMT After treatment of cells with TGF-β2 for 24 h, the expression of the non-phosphorylated and phosphorylated forms of Smad2 and Smad3 were measured by western blot analysis. (B) After transfection of the SRA01/04 cells with siHOTAIR or siNC for 24 h followed by treatment with TGF-β2 for 24 h, the expressions of the unphosphorylated and phosphorylated forms of Smad2 and Smad3 were measured by western blot analysis. GAPDH expression was measured as a control. **P < 0.01. viability, proliferation, migration and the expression of EMT in the LECs [36] . A previous study demonstrated that the down-regulation of the lncRNA TUG1 suppressed the viability, proliferation, migration, and EMT of pancreatic cancer cells through the TGFβ/Smad signaling pathway [37] . Similarly, we examined the effects of HOTAIR on the TGFβ/Smad signaling pathway in our study and found that HOTAIR knockdown reduced the expression of phosphorylated Smad2/3, which was consistent with a previous study [38] .
It has been shown that PCO is the result of the viability, proliferation and migration of human LECs and that HOTAIR plays important roles in cellular processes. HOTAIR could induce EMT, and meanwhile, promote the proliferation and migration. For instance, previous studies showed that HOTAIR pose great impact on the renal cell carcinoma through affecting the proliferation, migration and EMT process [39, 40] . Xu et al. [33] found that lncRNA-HOTAIR acts as a miR-148a sponge to promote the EMT, proliferation and migration in esophageal cancer. Thus, it is important to dissect the cellular role of HOTAIR in SRA01/04 cells. In our study, we found that the repression of HOTAIR expression inhibited cell proliferation and migration and that inhibition of HOTAIR expression reduced the TGF-β-induced cell progression (Figs. 2 and 4) .
In conclusion, our study demonstrated that the lncRNA HOTAIR is a significant modulator of cell viability, proliferation, migration and EMT in SRA01/04 cells. Further study is needed to explore the effects of HOTAIR on the progression of PCO after cataract surgery in vivo. However, HOTAIR may also play a significant role in PCO, which may provide a new target for the prevention and treatment of PCO.
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